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1 

(6) t> fcmmzmm?%yt¥®m<D7T-(At% 
> t? > tfMt^nzmmznrc 2 ib © a* as e 

3tH-^SfO*^WLT^5ffi»77"fn (7) ©-«K 
SBtt*n&fB*« (5) i<fcDfc?>, £££*;©»£« 

ffi»3t7 7-f;t (7) «*, aatf[«jg«T?fiai»Efitfe 
[»*S2] mmyy^n (7) #2o*»si4 0m 

m©fgffl©ift 9 ¥S£3TT& <fc 5 Kffllf 6 fiTVs § ZL t 

mmt-rzmm 1 fcfs«©^*tm. 
mxms] wMyrwvm^m^ 5*6 1 0 

0 mm©«Kfc*S C £ £<ffl§* iT£ft:fca 2 tE«© 

4] esafcgtf 1 5 2 07S^1 5 70nmO 
SSHJC&tf, #>K>^aSgat9 8 0 nm (± 1 0 n 
m) TS^T, fg»7r^/^©ffi^H-7°^I^H 

7 at* 5 z: ts»atr*B«JH i izmmmmm 

fit*HTS**-F«tt©7y-1';tgflsfi©G«fc# 

«i-«i&i)¥gs^rr©ii>a<t'bi'3ffliaii3a^ (i 

1) ft#U «FfBgB##»D^# (16) 
|8l!3ai»©ftSfa:*3-6lftDas©fi4©#i-3»«IB»7T 
-T A©£g© 7 0 %<fc 0 fe*^ £ fc £fl«tr5flt# 

[»*«6] (7) m>v>m&& 

*^TS* ; E-Hfc^©7T^A'g^©^K^-r 
§fti3#g&#-r5¥-©a^tfcfti9gl5» (11)* 
#U #li0 7r-f/««# (16) «&77^A©S 

s©vi-r n3^©«as*&sHffla!fcfiFfti-5 

[S*S7] |gil7T<A* (7) a**©^fiKi&-3T 
W©e«fc^T5ftD*gKffi-oT*fcilfa5 (1 6) 

mxm] nfEBCflo*»atrs«a a 6) 3*2 o 

7 izw&ommm. 
mtoDfflRismm 



(2) ftBPM - 2 9 8 7 2 4 

[0 0 0 1] 

A (a c t i v e f i b e r) £«ffl**S&fi|H|*ffl 
[0 0 0 2] 

m&<D8M #±«-r^>aH©»fe©*K4ttfflt 
[0003] **^icf3;, Ems©73"f7itt, tf>e 

>^«gtof l»iTt45!|*S©iSfi©3ESiCJ: D3tD# 
[0 0 0 4] k— if-ipffi©aa!RSlK*5#flfK:#K 

20 fcfflST5afEfi©3tfi^**aa-r5t, *©##fcj: 

niBo^r-fAftsjEiiaau&a, MStfces^f 
©#*iis*p&'s^r©K:aL^iiiiiSEJflssff5&ftK 

[ooos] ±iH©as©jE^t>tiggis, 

aiHA©^f5T, 1 9 8 9*fl 0£2 4BfHH©"l'*U 
7r«No. 2 2 1 2 0A/89*6«16nT* 

> ^&S© V5 -f nic* H T * S t SSffi 
[0 0 0 6] 

> K >^fig©^1*nfc*ViT HT?*5 C*l 
6 © 7 r -i A ti, 7 r -f A©ffWtc*HT383t**«SS 

^>H>^«3t7J (pump i ng power) jjtff 

siy"cv45«««t o t>7 •?< m®<D*zmmzm 

40 L/THS. 

[0 0 0 7] Gjiff^iliHSBfi-rsffiJtH-T^M, 
7 7-f;t©3 7fc*tt>LT*0. IEtt©7y-fAtt, # 

T*f3, fol, *©5S3t*B, V-tf-KltipffiTa 

3£H-7*«I&JaE'r5fcftfc:^lcffifflSn*. 

U eg#^©SS*A©-«tt. S^h'-7 p »Jt#>K 

>^f83e*t*t#fir5««#t-©7r'f A^es^ns 
©t, n%mo-mim\ mfmmn^yr^ 

5tf [0 0 0 8] ±ES«K, ¥fi#>fc:>^83t*S&tl 
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3 

[0 0 0 9] fiE^T, IE»©ifflf8fc-3^Tt(liB©3&* 
[0 0 1 0] 

[ooii] ^iasas, *^t^77^nnfi®t 

SfcKlfib&ffiAWtiOiSD, esi«#©iftJi(BHT 

He«t^>tf>i^ife^T^#« ; &- perns 

- P fc tt© 7 T -i ) 1ft ©fi*fc*f jSt" 5 7 7 -f /N'T $ 5 

3m©Bfl5rC**. 
[0 0 12] 

t«Bs«f8fr5&*©^ia n&a*ofcfli»7 5"m© 

ftt)¥£HU 2 0~1 4 OmmOftltftD, S?StC 
tt, «»7r'f A©ftD¥Stt, 3 5-10 0mmffc 
5. 

[0 0 13] HSIMttWli, eSffi^ttl 5 
2 0- 1 5 7 Onm©<fiHlCSD, #>K>^JfeSH:9 
8 0 nm (±10 nm) t^T> lil^r'f A*|*I©S 
7tH-7^JiJ, XfctfSAT?**. 

[0 0 14] ffi»7T-f;ttt, #>H>7* 

jRfifc*ViTS*t- H«!tt©«S8ic»S 77-f Aft© 

e»tc#«f5ftD#gs#rs^a< t% i«©i8r# 

LTfctK ffiDg&5r©ftS, fttfofclM*© 
fi£©MW, SB«t7T'f7t©^g©7 0 3S±D , b^:fr 

[0 0 15] «»7r'f/tKtS, SrD¥«## 
> tf >^ifcgfc:6 htS*^- P ab§ 7 r -fAftfflfc 

*D, #ffi0 7 7^A©$#&, ffi»7 3-f/1©^'fn 

[ooi6] *wmz£%yt¥MmmvmLmmmm 

«fc*^T. |Bft7y-f -e©^fifcb&oT*> 
H>^Stj3ViTS*^-P^t©TOIC^§7T-f 

>ti*j©e*fc:*f jfr-rsa o ^tTftAb t& d. mm 

DOftViSKaE^BBn, fi^tS 4 0 OmmiDK, 



(3) ^1^4-2 9 8 7 2 4 

aictt. K£tt9©ftV«©&2H, 2 0 0mmJ:i3 
[00 17] 

[HffiM] 3fc^ate7r^/T©##£*fit-*fta&!c, 

TV*S. WIB^!(igg©»jgttSlfc^$nT^D, HI 

ifcBA s©£g#*&*gsn$3!Mffi77-f ASwL 
TV*S. -S©fiS©ffifi*Sajll/T««U&©# 

K, fi^tfM7 7-f A 5 ic^T, 

■if- • X5y^6t<t0^b&feftAp©#>lf>^ 

©^tSlKUT^*. «^«J;D#fil/&7j"f A5C 

*©», e^ttif «a«»7 a i ^mflpran. 
^© a (HUfi^* o raff f s . 

[0 0 18] 3t©^©*6*ff3l6ft7r-f A7©fifP 
[0 0 19] Sft&tUTB, E r 2 0 2 #ffi$±®f!|T 

st). cna, .aee^©apiiesK:«fiia««*K:* 

[0020] 7 7<n©>-u*^^llrt©x;nf7 
^*>©ffiflmi6fcx*;i^-ttite, g^fc^oa 
U ft -hfi© 7 7 -f A t H LT, 02 jjSBa* LT V> § J; 5 

A'© ~> U * 2%#MHfi© P-T^J fc 

©R©Er»*>f^>3i«, #>tr>^»tifttn4 "iag 

[0 0 2 1] ^8 5i^¥fi:9^©Sm 
K Cn^7 7<A'©«^mU (ftjH«3g0 . ipfl! 
9 * ^*Jg2fSffi 1 0 ^©a#H:. V— !f— ifta*ap& 9 © 

x*j]^-«id&sr*&fi©#ttif *«£-r$ e t*» 

*f57r-f Arts, ^©J;^^Wfe!^^-r§S 

te. *>©««««* 6Sfitt«'\©J|!0*Sn& 
a^ifiCD, 7J7,^-P (Cascade) S«iCj;oT. 
#fffci|S3n&G3IM#©fil*)&«lli!i7r-fA©fHD 

[0 0 2 2] 1 lTw3ttTV»SKKSTT?S;£ft&7 7 
-f^©«flB**H4tS3nttri«. 3712^77 

13& r©±5&7T'f/ , tc*nT»isanT*»}, 



(. 

5 

[0 0 2 3] *BSOlB»7r-f/1tL,T«ffl1-4& 
J&, E r^© F~7W37 1 2 fc^fSnttFi*. 
[0 0 2 4] B^8«*![#£*5&ftic, MISaigA© 
■-f$"J7ttfft&SNo. 2 2 1 2 0A/89fcHa?Sn 

> fcf >ySfiOVi-f nt*tsT Fjg"p*J6 21 

[0 0 2 5] H3KwfJ:5K» ffi£©fB9i#5»ftl,T 

Kt7it>ffan«7y-f no*^ h*7$EJU ci 

^©^©fcgAs,fcD*>*3<, 
[0 0 2 6] 7r-f;t<D*yh^7«[fi*S«1-5fc» 

n*. 

[0 0 2 7] NA= (m'-m') 1/5 i 

-f/ti?5yH©ffllff*T*S. 
[0 0 2 8] 7r-f/t©37£?5yF©BrS©B8T* 
ftt, 77^n#H»©^fc.fcD£7*3i»©#JS#^ 

iftx*n5i*jn»js&^«f*«*»aipsg©, 3 7& 
^7? Hi^©«**»Kf4c:iCJ:t)#6n5c:i: 
«BtlTl^o E:©Btt©fc»E:*fflSn*SanJW 
tt, GeO«a&ttAliOs«fct)*l^nTH 

[0 0 2 9] 7 7-T;WtK, -t©ft*TJ#-^-F© J 

»fiJ:0*fr^Stfi©3feR«tt. ftSPtSifciDH 
4K^$nft»©3Hft©*S*lft©»*t?»0 1 

U7y-f/t«)iti&oT*D. 7T<A*©^iaE[R)^o 

[0 0 3 0] ±|a©»#Kf>ifHT, ^-FUS^m 

a. 7r-fnrt^3SSi (<t>in) jjt*siagi:L-T£ 

I (<f>u) = 1/e* Imas 4 
SlElTf, Imaitt, fttiCCITT G. 6 5 2 (3> 

»ti^t^^-33t^ f^-tvat;h 

Tl^A-7>F-xP7;t» fcfetfUT, 7r 

-r AW©sfc*:©ie3aanf *s. 

[0 0 3 1] HA»5i3B6*»a«t'5fc. fiS^n^JED 
[0 0 3 2] aS¥©J:^««Sff3fc»lC(i, M3EF- 



:) #H¥4-2 9 8 7 24 

6 

©SFV*»*Sfi, l-fefc-fe, «t 0 iSSV* I^— if — ip<fc 9 1 
*tf 5**fcffifflffl*«^^--fe> h© F-7Wf 

■&©37©#niii^asnfc*>tr>^*ti, svsw 
+f- iwa \z & n T^se©«»teM t s t ^ ££» w 

[0 0 3 3] «ff#>K>^*©*9S»*Jfi*|--577 

«3fts<t5fc, #>H>^«^©a'*tH*a73'-f 

[0 0 3 4] &oT, C©fci&t, $>\£>?mt& 

[0 0 3 5] #>tf>^jt^i€3ie#©ttW«3t»fl 

5&371 2£25y HI 3£rrs^7°©^77-f 
ACilsT, *S*lfll©3fc»*©lft»««HTHSISK±D 

ssnxv^essftA s <D*z-mm4> s a, 

> ?m £ A p f~ * tt 5 * - F it % 4> P ± 0 * ft D ± * 
K cnti, 3fc#-J|©fi£ftlfcSh9*, ^>tf>^x*;p 

&n, 3;&F-7W£fct-5ffi»7 7-f/i 

[0 0 3 6] £Rfc, H7fc^f«fc5fc, 7r-f/t©# 

y h*7ifcRA c KiarnisrsfifcSibT, ai£-src7 
^#v^AtMLT#^fcwrs^tfi, aasns 

^#-?&3„ fl^T, 7T-f/W#>tf>y»SApfc 
> fcHT. WAtf, XJ^7A«JP©te»7 7-*n£ttA 
JfcifflIS&ffl»£, 9 8 0 nm (±10%) fc*lr4T, * 
-*-Hfc*^lc*5J;5fcf5fc*6fc, 9 8 0nmA 
t)/MVi*y h^7iS^A c©7 7-f A^ffifflSnfttj 

ntfa^-r, ^ntit), eittA sfc*its##c 

fc! > y ffig A p fc*S 5 F E£± D #1if fc* 3 < . 

fet, esnt#©*aE»a, «MB*n47r'f a«« 
[0037] ±ia©p»tt, ffi»7r-f;wsaift-B^ 

"f3fS*ll©^tt" ©ffli&tt, 7>"f/W, ifc*ffifls» 

iWB©aa*5. itm (ccitt. ^^^^->3 

>G. 6 5 2) CflE-sT, 7y-<A^©®Jf^©»Mt 
t>ff^&a»Ayh^-7if[fit, IPKI«SK*Jt** 

yh*7»fitsiHiirr5iita*. ssanr^s. 

[0 0 3 8] WBHtt^tJ. ia«3n&7 7-fA© 

*yh^7»fi©aU&©RTI6ft&#*tAtiT*D, 25! 
£«¥S1 4 0mmO¥-C7r-f^©'J>^Ut 
• fffcn*. ::©*frK:*it5*yh*7iftfi©* 
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tflSttfcgfttt, aflMtitfcRl/T, #^TW<, 
[0 0 3 9] *»KtJ:D, JB<B3&©!t»77-l7W 

[0 0 4 0] ffi8B7 5"f/*E:J:ft&, ^tCl 5 2 0^1 
5 7 0 nmCSCftoT, XJH? 7A8iJlIf8ft7 T^A 
£«Afc«IH&©ffifflfc»U £&*y h^i&fttCffi 
^eSlftfitfeW-it— HtfLSB, -hSHc/J\3<, 7? 
^A37©££fci9>fcDiEt*fcIlfc*i5. *fc, 
^©^©S^t-m, 77-f A3 7©i6gK:jEHE 
gs^UT^D, tot, teSfl-^Aa. ftyvym 
^tmm v-~mmutz>? y^nmmmzmmz 

[0 0 4 1] ||»7y</1tt, B5iia6fc3STJ;'5 
*Jfctictit:3aHl/fc*>©©IlD KS^nT. ^Hcfc 
*56fHK:J;D, 1 4 OmmiD-HJ-e/J^H^gRcT 

[0 04 2] SRC, 7yf;f©fiDtt, 7r-f7Wt 

PsKJt&eSlfSElttHUCltSff^. lot, 5*. 
SttfcifcBfcHU 4#fc#>li>^*gt:BiUT, 7t 
-f Afi©S**- F <D&Kf£ftifi pJilT* * ft D ¥SR 

[0 0 4 3] «^T, H«f7r^AtaLfcffiD¥SR 
ctt, ±fi¥£Rp«Te*5. gftC, ifllOB, 7 5- 

-r /i©*j&£tt«e9tiitsfi7rs - tK«t ojgjSEsns 

©T?. ft 0 K «t o T7 7^ AjWK*-rs*«S!i5tAo & 
[0 0 44] ttlBfiDttJUTawaMSiHR-rsi:, 

# y tr > ^ifefi ± d f 7 t < ;ta> s & 
£$ti§©-c\ 7r-fn©a*»*!?B, #>tf>^f§^© 

■£*ViT77'f/t©/h3V5 ; E-HBgtft5J;-5fc*fif 

[0 0 4 5] ^ffli^fclt, SKcR^iflPfE, T&fc> 
5, SASn&*fl[#>t:>y*3 0©iS5ii«f(l#S# 

^MSffifflLT, fJfS©iS(BS#«!li:««ffl*, 08 T 

tt. 9 8 Onmi^SV^y h^ftttA c 2 ©7r 
-fnSffifflLT, 9 8 Onm^D'hS^y f-^7ifcft 



(5) #ffl¥4-2 9 8 7 2 4 

fe&&D*3VVft3Li©f&IBr7 7-f At J; (D, *iJf#G 
[0 0 4 6] ±B-fi"J74#i¥fflKNo. 2 2 1 20A 

esm^©iRg7y-f/t5tt, urncftfifcfe^T'fe 

F#Tf*3. tot, £©7 7^AK, #|PJ 

£ ± 3 UB» 7 7 'f A ©*- F i£ft J: D ;* S A 
10 s©<£-FEffi£lT3. 77-fA5il lfc©M©» 
Wt '©ct5ft;iig©^icJ;D, «S»fiic*UT 

[0 0 4 7] (£#>©»£#, *B»7 7-f A£JHi«77 

-f/tit©w©jgfiH!sic*±-r5. *Bictt, mm? 

7-i A fc U Xm 3 ft 3 A?ttJ*3 7 7-< A&, 
SHB©*H1 5 2 0-1 5 7 0nm©fiS»fifcfeVsT 
©#*-*- FJTC&IK S»a:»^ft£*tT5&a6 
K, g^7 7<A5©^-F|t&6Lh©?Jl.;5*£<^ 
-Fitgi&oTUS,, 
# [0 0 4 8] ««8g©tl^]#G e x tt. |6»7 7-f A 

mmm, ©©a*, j*&s77-fAm©8 

SfiSKJ:««gABK:±t)4A&n5. «£oT, £©& 
H&#3fc:8};:, 3p||#GI n = Gex + AB«*ffi»77 
-fA#Si&££Sns. 

[0 0 4 9] #SK/h5^-F!tS±DiS3#fPJ© 
T?*31JE»©ti»77'fA£ifc«LT, »SCJ;D*S 

[0 0 5 0] «»77< /tfia«IC«fflf5»&©fi* 

ht, fl*J-3&77-f;t©«tt»iia»ifi*Tf*o, a 
ffi^«i5©»aa*tt, ti»7 7^Ai, a#*st 

6#fiUS:77< A©€- ]«ltfi©IW©^ 

^ftiiaot, ss^est3 e ^tiwiT, i4 

0mm±D*tVs*gti. *y F^7S*©fiS^» 
tWLTBAO^TMT&H. M:BRc>3 5mmT 
»0, SeiaCBSOmm^RcilOOmmfS 
5. 

4tf [0 0 5 1] MfSfti^SfcHSLT, 7 7-fAt** 

-rsftD^STiftH'snTus*^. 77<as#©« 

MmmizmvTmmmizmtzzth^, 9 8 

0 nm©#>K>if«^©*- ; E-l<©e**'5riBK-r 
«ifii»«ffi©* y h t7^S©S?c»i, *>J4 Bin©t 
-FEetJfLT, Ac =151 2 8 0 nm^5. ffiD 
¥£R c si* 5 0 mmOi^, tufa* y h*7»S©«H 
A c =#9 1 1 0 Onm-pifcD, ^©^E- FEgti«5 5 . 

^r-FK, 4^153. 8 + 4 /iml!S-5 0 
50 [0 0 5 2] ^>h°>^g!^tt5ltM«ai©¥- ; E 
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tl¥4 - 2 9 8 7 2 4 
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[0 0 5 3] #BWKJ:$tf«S§©£»7r'frt©flfi 

»a fc ft 6 na: naa & a ^ig»7 y -f /i o^sr 

[0 0 5 4] ±IE©^tA^^t^\ *ft}±a*L 

<i A©ffi^ ftjgttfc J; 0 JnA. 6lxfcffitfi6* SJUt 5 
fc^ic, H6ta%1"J;5t, tt»7 7'frt©#li&?>»# 

r -f A® fitf tc± D # Sft5W^«*, i>U t>{£TT£ *> 

[0 0 5 5] ffufcu, iis^sfc^stsam^o 

4 0 0rom.fct>/M*<, SfcSSfcffMfc 

[0056] 7 7-rn^©iit^-H©S'& 

tt, 7r-fA^0gS&*3tit^bTfT^n, f^T, 

a&£©g2©as#©srai, sg»#>K>^a©*8£ 
[0 0 5 7] cwcjfLT, w^mm, i-a**, # 

fc#«»teM-r*f&fi*©J«il!tt, *SKHKJ=D, ttrfE 
©S4©ffl»Ci&-3T©*ftlf &nTH*IHB7r'f A' 
CJ:oT#Silt6ai*5. fc£U £©Stf6ftfct& 

n 7 r < &3S>©as let SiKSftftsw fir 4 & 

»t«St*ti, # > £ > 9 7J ©S*^- H fc ttfDfcM 

K&fcfsffi t) 6n&7 7-r ;t©a»*j. c 

[0 0 5 8] «jSJ:^S, «(Sgg©§«£ffi'>b 

7r^n©*MS#£lSfifc-rs#, 7 5"f/tBfle©«* 
© jSSS K »S5 U & I9«© 7 r » jS«tt©#fi 

©a^ if*. S £ 1 1> tfJ5fc5 . 

[0059] *«sifflfcse>£, ^©fttt&^rf <5xjptf«>-. 
ASjp©tgii7 H/wsnt. 

[0 0 6 0] 



6 Jim 



3 

Binft (lu'-n**) 1/2 0. 2 3 

A c Glfttt* s> h*7mm HOOnm 

©^-FfigE 5. Sum 

X}l>1d V A^f * (E r . 0 3 ©S») 3 5 0 p p m 

*U £©*£, 7r-f/m, iM5 0mmtftO*l 

*t&. £©&#*?, *srhtf7tt£©«#a»e;*nfc. 

J0 [0 0 6 1] 

Ac (R) (ifsfiR©*yh*7»S) 9 8 0nra. 
£©7r<^»IK»faj*t©fiSWU&. 
[0 0 6 2] 

#>tf>^7J 1 7mw 

SB^r-f/tOgS 8. 4m 

WfiHgtt, A?W7ltfiAc (F) =110 0nm© 

&. 

[0 0 6 3] 

-0 A2HI#©te*# -4 5dBm 

»fiS©#*iSfc*fctt, -fcaumt^fc^iWi 

&&S1"£>, *y^7jfti!Ac = 9 8 0 nm©7T-f 

[0 0 6 4] ±IB©«^J;D, #©JHWJ#^#Sft 
ft. 
[0 0 6 5] 

Gi 3 0 d B 

tt«©fc«&fc, l^-«iiJ:D«5ii(B»«», &©#ffi© 

30 [0 0 6 6] 

HTite 3. 6 Mm 
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(57)Abstract: 

PURPOSE: To provide an amplifier for making the light 
emission force of transmission signals and pumping light 
emission force present in the almost same distribution 

inside the cross section of an active fiber and be ] 
centralized in a fiber area where a fluorescent dopant is z' « 

present as well. \ \ 1 

CONSTITUTION: This amplifier is composed of the active r- ^ ~ 

fiber 7 containing the fluorescent dopant inside respective y 
optical cores provided with radiation at the wavelength of *l?~f- 
transmission signals to be amplified and light emission :^ ' 

pumping signals are inputted into the optical fibers. In this *>. 
case, the active optical fiber 7 is in an almost linear shape, | *» J 

performs the optical propagation of a single mode at a it "V ; 

transmission wavelength and the optical propagation of "". \ . J 

multiple modes at a pumping wavelength and is arranged in 
the bend shape 1 1 of a bend radius corresponding to the 
propagation into the fiber itself in only a basic mode at the 
pumping wavelength in a length larger than 70% of the 
length. Thus, the fiber for reducing a mode diameter at the 

transmission wavelength without transmitting the high mode of the pumping signals is attained. 
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